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1. SEASONAL CHANGE oF GoNAD CoNDITION 
Scallops, Patinopecten yessoensis (JAY) are distributed in the coasts of 
northern Japan, where they are cultivated also with the hanging method. The 
season of gonad maturation of the scallop differs somewhat by location. · Generally, 
the gonad begins to develop in autumn and matures from winter to early spring. 
The spawning occurs in spring. 
MoRI, OsANAI ·and SATO (1974) studied on the annual change of gonad 
development of one to two-years-old scallops cultivated in Toni Bay, Iwate 
Prefecture, during 1972-1974, and classified gonad conditions into seven stages (See 
Table 1). In Toni Bay the gonad began to develop in September, grew in 
December-Feburary and reached maturity in February-March. The gamates 
seemed to be spawned in April-May. The under-ripe reproductive cells remaining 
in the gonad degenerated and were absorbed in May-July and the gonad was reduced 
to shrinked resting condition in July-September. When the gonad matured fully 
and the gamates were almost discharged, the degenerating cells were hard to be 
observed. The remarkable cell degeneration, however, was observed in the under-
ripe gonad with many immature reproductive cells. 
The annual gonad change was also reported in the scallops collected in Mutsu 
Bay, Aomori Prefecture and in Lake Saroma, Hokkaido (YAMAMOTO, 1943; WAKUI 
and OBARA, 1967). The data in these reports are shown in Table 2 for comparison 
with those in Toni Bay. The characteristics in Toni Bay scallops are longer rest-
ing period (from the end of spawning to the start of gonadal recovary), shorter 
mature stage, and remarkable degenerating figures. 
The gonadal maturation occurs in the scallops just one-year after birth. In 
Mutsu Bay and Lake Saroma the testes developed into mature condition just one 
year old, containing the perfect spermatozoa which seemed to be spawned, but 
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Small and transparent gonad, in which primary 
germ cells lie on the membrane of the narrow 
follicular tubes. 
Translucent, increased in size. Spermatocytes or 
oocytes are arranged on the follicular epithelium. 
In testes meiosis proceeds and spermatids are 
formed. In ovaries half-grown oocytes with stalk 
and a large germinal vesicle are observed. 
Testis is white and ovary red. Follicular cavities 
are filled with spermatozoa or fully grown 
oocytes. 
Spermatozoa or ova are partially discharged. 
Gonads shrink. Immature reproductive cells 
remain in gonads. 
Residual germ cells degenerate and are absorbed. 
Table 2 
Seasonal change of gonad condition 
Stages Toni Bay* Mustu Bay** I Lake Saroma*** 
I. Undifferentiating July-Sept. June-Oct. July-Sept. 
II. Early differentiating Sept-Dec. Oct.-Nov. Oct.-Dec. 
III. Growing Dec.-Feb. Nov.-Dec. Dec.-March 
IV. Mature Feb.-March Dec.-April March-June 
V. Spawning April-May April-May May-June 
VI. Post-spawning May-July 
VII. Degenerating May-July 
* From MoRI, OsANAI and SATO (1974). ** YA.l\tAMOTO (1943). *** WAKUI and OBARA 
(!967). 
the ovaries were not observed. In the one-year-old specimens collected in May, 
1973, from the Toni and Yamada bays, not only the testes, but also the ovaries 
developed. In Toni Bay scallops the testes developed to mature condition and 
the spermatozoa were spawned, while the ovaries began to degenerate from the 
growing stage. In Yamada Bay scallops the ovaries reached also maturation, 
containing the fully grown oocytes, some parts of which seemed to be spawned. 
These facts show that the sexual maturation or differentiation begins at younger 
age in Sauriku coastaL regions rather than in Aomori Prefecture and Hokkaido. 
The seasonal cycle of gonad development and the courses of cell degeneration are 
summarized in Fig. L 
2. ABNORMAL GoNAD DEVELOPMENT AND MAss-MORTALrrY 
Generally, the scallops cultivated with the hanging method in Sanrilrn coastal 
regions are considered to reach gonadal maturity in February-March and to 
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Fig. 1. Developme.ntal cycle of scallop gonad. 
spawn the gametes in April-May. In Yamada Bay, however, the considerable. 
numbers of the cultivated scallops possessed mature gonads even in July-October. 
The frequencies of the maturation-type gonads (the sum of mature, partially spent 
and degenerating, types B-0, gonads) from May to October, 1973, were compared 
among Toni Bay and the two stations of Yamada Bay (Fig. 2). Among them the 
mortality was highest at the Yamada A-station and lowest at Toni. The figure 
suggests that the mature gonad condition tends to be held in summer at the station 
vrith heavy mortality. 
The maintenance of mature gonad condition in summer may be due to low 
spawning activity. Usually, the one-year old scallops complete gonad maturation 
and spawning by May or June, and their gonads shrink in July. If the spawning 
activity is lowered markedly, the most of gametes can not be discharge, remaining 
in the gonads. The residual reproductive cells must be cytolyzed or absorbed in 
the followillg period vrith remarkable degeneration figures. 
It is not ascertained what environmental factors will induce the lowering of 
spawning activity or th~ maintenance of mature gonad condition. Temperature is 
known as one of the important factors relating to gonad maturation in marine 
invertebrates (Of. SASTRY, 1963). It seemes to be a case in the scallops. In 
Patinopecten yessoensis the reproductive cells are formed in the sea water tem-
perature-falling period, riped under the lower thermal condition and spawned in 
the temperature-rising period. If the scallops are not exposed to the lower 
thermal condition for enough time, they may meet vrith the spawning season before 
the gonads complete maturation. Thus, the most of the reproductive cells may 
remain in the gonads even in summer months. 
YAMAMOTO (1950, 1951a, b, c) reported in Mutsu Bay scallops that the 
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Fig. 2. Frequencies of maturation-type gonad in one-year-old scallops in 1973. Com-
parison between the TOni and Yamada bays. 
perature and the sudden rise of temperature is a most important factor for spawning 
induction also in natural condition. From the YAMAMOTO's results it is considered 
that the spawning is hardly induced and the most of gamates remain in the gonads 
when the temperature does not fall below the critical value or rises slowly. These 
thermal conditions might occur during the early spring of 1973 in Yamada Bay. 
3. NEUROSECRETION AND GoNADAL MATURATION 
Generally, some enviromnental factors are known to stimulate an internal 
system regulating sexual maturity. In invertebrates an effective stimulation is 
received by receptors and transmitted to nerve ganglia. The neurosecretary cells 
in the stimulated ganglia will secrete neurohormones, which regulate the 
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Fig. 3. Neuroganglia of Patinopecten yessoe~is .. A, Representing ~ositions ofneuroganglia, 
view from left. B, Outline of gangha, v1ew from ventral s1de. 
a: adductor muscle, c, cerebra-pleural ganglia, d: digestive gland, g: gonad, n. 
nephridium, p: petal ganglia, v: visceral ganglia .. 
physiological changes of the target organ, such as the gona~. ~ Lamellibrancha 
the relationship between neurosecretion and gonadal matnnty IS not mad~ cle~r 
(Of. HIGHNAM, 1969), but it is an interesting problem to analyze the relatiOnship 
in the scallop . 
In the scallop the central nervous system consists of three ganglia, the cerebra-
pleural, petal and visceral ganglia. The cerebra-pleural ganglia are the pairs of 
the fused cerebral and pleural ganglia, which lie under the epidermis between the 
lower lip and the foot. The petal ganglion is located at the base of the foot near 
the posterior end of the cerebra-pleural ganglia and divided to the left and right 
lobes by a constriction along the median line. The visceral ganglia lie on the 
ventral surface of the adductor muscle in the dorsal side of the visceral mass and 
near the posterior end of the nephridia. The locations of these ganglia are re-
presented in Fig. 3. 
KIKUCHI (1974) and KITAMOTO (1974) studied histologically on the nerve cells 
of the scallops cultivated in the Sanriku coastal regions and observed. the presen~e 
of the neurosecretory cells in the cerebra-pleural and visceral gang.a. In their 
studies the specimens were fixed with Bonin's solution, sectioned with the usual 
paraffin method and stained with the para-aldehyde fuchs~n meth~d (~­
staining). The neurosecretory cells which are variable seasonally m AF-stamability 
are summarized in Table 3. 
·The small nerve cells lying in the antero-lateral lobes of the visceral ganglion 
possessed numerous secretory granules in March, the mature stage of gon~d 
development (KrTAMOTO, 1974). Large pear-shaped cells, 34x18,u-27x22,u .m 
perikarion size, were observed in the lower lobes of the cerebra-pleural ganglia. 
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Table 3 
Seasonal change of stainability in scallop neurosecretory cells . 
(From KmucHI 1974 and KITAl\IO'ro 1974) 
Ganglia Cells 
I ~onth 
Feb. I Mar. I Apr. I July I Aug. I Sep. l Oct. J Dec. 
Cerebra-pleural 
Lower lobe Pear-shaped * tit + ± ± llt tit cell 
Visceral 
Anterior lobe I Large cell + ± ± ± ± 
Antero-lateral lobe Small cell * + + + * Postero-lateral lobe Large cell ± ± + 
Gonadal Condition IV I v I I II I III 
Intensities of reaction to para-aldehyde fuchsin staining are indicated by the 
marks, ± to -Itt. ± is slightly positive and 1tt remarkably. 
The large stainable granules observed in the pear-shaped cells were abundant in 
autumn (the differentiating and growth stages), decreased in February-March (the 
mature stage) and reached to minimum (the immature stage). These facts seem 
to suggest that neuroproducts secreted by the large cells of the lower lobe of the 
cerebro-pleural ganglion accelerate gonad development and gametegenesis, and 
those from the small cells of the antero-lateral lobe of the visceral ganglion relate 
with gonadal maturation. 
4. HERMAPHRODISM AND SEXUAL PHASE ALTERA'l'ION 
It pas been said that the scallop, Patinopecten yessoensis, is a gonchorist 
(YAMAMOTO, 1943). WAKUI and OBARA (1967) estimated the possibility of natural 
sex reverse in the scallops obtained from Lake Saroma. All the scallops about 
one year after birth were male, but the sex ratio became about 1:1 in the specimens 
more than two years old. These facts were considered to be due to that the females 
are altered from the males during from one to two years after birth. 
The hermaphroditic gonads were observed with high frequency in the just one-
year-old scallops obtained from Toni and Yamada bays in May, 1973. In the 
scallop the two types of hermaphroditic gonads were previously recorded (ODERA 
and YAMAMOTO, 1958; YAMAMOTO, 1971). The first type is that the gonad is 
testicular in the prox;imal half and ovarian in the distal half. This type is normal in 
the bay scallop, Aequipecten irradians LAMARCK. In the second type the testicular 
and ovarian follicles were confused as mosaic. 
The hermaphroditic gonads observed in the Toni and Yamada bay scallops 
differ from the two types mentioned above. The male and female germ cells lie 
simultaneously in the same follicles. The male cells, such as spermatozoa and 
spermatocytes, were located in the central portion of the follicle cavity and 
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Fig. 4 Hermaphrodit ic gonads of one-year-old scallops obtained from the Toni and 
Yamada bays. The spermatozoa were discharged in b. o: oocytes, st: spermaticls, 
sz: spermato~oa. a X 260, b- d X 520. 
surrounded by the growing oocytes arranged on the follicle walls. Most of male 
cells developed to the spermatozoa, which were partly or almost spawned in some 
cases (MoRI, 0SANAI and SATO, 1974; MoRI and OsANAI, 1974). From these 
observations it is estimated that the genetic females are apparently male in the 
young stage less than one year after birth and t heir testes alter to the ovaries in 
the course of development. The gonadal changes from the testis to the ovary 
may proceed in such a manner as the precedely matured spermatozoa are spawned 
and the immature oocytes formed later remain in the gonadai follicles. The 
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sexual phase alteration seems to occur within one year after birth in the Yamada 
and Toni bays. Thus, the scallop female can be said as a protandrous herma-
phrodist. 
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